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(54) Crosstalk suppression in a multipath optical amplifier 



(57) A multi-amplification path optical amplifier 
including a first amplification path for propagating and 
amplifying a first in-band optical communication signal, 
including a spectrally selective filter for substantially 
blocking the propagation and amplification of an out-oi- 
band optical communication signal along the first ampli- 
fication path, and a second amplification path for propa- 
gating and amplifying a second in-band optical 



arrplif ication of an out-of-band optical communication 
signal along the second amplification path, wherein the 
location of the spectrally selective filters in each respec- 
tive arrplrfication path is selected so that a target nose 
figure performance and a target output power perform- 
ance can be obtained from the device. The spectrally 
selective insertion losses suppress crosstalk or optical 
leakage that gives rise to multipath interference, return 
i/ysc onH ^ illation. 
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Description 
Background 

5 This invention relates to mutti -wavelength optical signal amplification devices and optica] telecommunications sys- 
tems utilizing such devices, and in particular to a dual amplification path (multichannel) optical amplifier having selec- 
tively located spectral filtering for suppressing crosstalk induced muttipath interference (MPI), return loss (RL). and serf 
oscillation, and which also provides for a desired level of noise figure performance and output power performance (i.e., 
pump utilization efficiency) notwithstanding increased filter insertion loss. 

10 The term "crosstalk" as used hereinafter will refer to an amplifier gain and reflection dependent phenomenon that 
is the genesis of muttipath interference (MPI), return loss (RL), and self-oscillation, each of which are detrimental to 
good performance of a fiber optical communications system including an optical amplifier. The source of crosstalk 
induced MPI is illustrated in Figure 1 , which very generically shows a bi-directional optical amplifier including a west-to- 
east optical signal transmission/amplification path 1 -2-3 (where 1 and 3 are a west and east reflection, respectively, and 

is 2 is a gain from west-to-east) for wavelengths , for example, and an east-to-west optical signal transmission/ampli- 
fication path 3-4-1 (where 4 is a gain from east-to-west) for wavelengths tsX 2 . A AA^ MPI loop is represented by nodes 
1-2-3-4-1 (i.e., AX 1 input-Ch-Re-C^-Rw)- Interference between originally transmitted AX 1 signals and AX 1 signals tra- 
v rsing the MPI loop gives rise to MPI. Likewise, node path 3-4-1-2-3 represents a AX 2 MPI loop. 

Return loss (RL) refers to AX-j signals traversing nodal path 2-3-4 (i.e.. G r R E -G2), and/or AX2 signals traversing 

20 path 4-1 -2, and represents the effective return reflectivity of the amplifier as seen by the communication system. 

Self oscillation in the amplifier (laser oscillation) will occur when a loop or cavity is set up in which the gain exceeds 
the losses. Therefore, e.g.. rfG 1 +R w + G 2 + R E >0. then lasing will likely occur. 

Although the following specification w9l describe the invention in terms of a bi-directional (two counter-directional 
anplification paths) optical amplifier, the invention equally applies to a multichannel, unidirectional (two co-directional 

25 amplif ication paths) optical amplifier 

A bi-directional optical signal amplifying device may typically provide a signal amplification path in substantially one 
direction (e.g.. east to west) for one or more in-band communication channels within a particular frequency band (e.g.. 
the "red" band or hereinafter. A^). and a second signal amplifying path in a counter propagating direction (i.e.. west to 
east) for one or more in-band comnrwnication channels in a different frequency band (e.g.. "blue" band or hereinafter, 

30 AA.2). Optical arrplifiers used in optical communication transmission systems typically incorporate an optical isolator in 
the anplification path for filtering unwanted reflections or to suppress the build up of spontaneous emission, the effects 
of which impair amplifier and system performance. Although it is well known that most "all optical" amplifiers, such as 
erbium doped fiber arrplifiers (EDFA's) and semiconductor amplifiers, for example, will amplify an input signal regard- 
less of the direction that the signal enters the device, the use of an isolator in the amplif ication path essentially restricts 

35 such a device to substantially uni-cfirectional operation. Optical amplifiers that are functionally bi-directional, on the 
other hand, and particularly those that include a substantially uni-directionaJ amplif ication path for each counter propa- 
gating signal band, respectively, require means for primary signal routing through the respective counter directional 
anplification paths. The means for routing the primary counter propagating signals may include, for example, optical 
circulators or wavelength selective directional f Bters at each input/output port of the bidirectional amplifier. Optical cir- 

40 culators are not preferred primary signal routing components for use at the input/output of a bi-directional optical ampli- 
fier because they are not wavelength selective devices and they are expensive. Currently available wavelength selective 
directional filters, particularly single stage components, lack the capability to provide the desired degree of spectral 
band discrimination within a desired narrow spectral range. For instance, in an EDFA, the gain spectrum window is on 
the order of 30 nm (1530 - 1560 nm). As shown in Figure 1 , a typical interference f ater can provide approximately 1 0 dB 

45 spectral band discrimination through attenuation from reflection. This occurs, however, over a finite spectral range 
accompanied by a spectral "dead zone" of about 3 - 1 0 nm adjacent the signal band, instead of ideally as a step func- 
tion, as shown in Figure 5. The dead zone thus reduces the communication signal channel availability in an already lim- 
ited spectral window. Moreover, the 10 dB attenuation typically is not sufficient to eOminate MPI, RL and self oscillation 
effects due to, for exanple. reflected and double reflected AX2 light (from connectors or Rayleigh scattering) propagat- 

so ing in and being anplified by the primary amplification path for AX 1 light, and vice-versa. More specifically, we have 
found that the most critical need for wavelength selective isolation in a bi-directional optical amplifying device is to sup- 
press crosstalk induced MPI. RU and self oscillation. Even with the use of isolators in the uni-<firectional amplification 
paths. MPI, for exanple, can occur due to light (e.g.. in-band AX^ that propagates through the amplifier, gets reflected 
by some mechanism in an optical path of the system, and counter propagates through the amplifier along the primary 

55 anplification path for AX2 light (i.e.. as out-of-band AX-,, by going through the 10 dB wavelength selective routing filter 
via the nominally suppressed path for AX0. hitting another system reflection on the other side of the amplifier, and finally 
propagating again in the original intended cfirection of AX n (as in-band AX0, to be reampTrfied. One proposed solution 
to this problem is to increase the spectral isolation at the amplif ier input/output routing locations to the primary, substan- 
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tially unidirectional amplification paths for the respective in-band signals by, tor example, using miiti-stage filters at the 
irput/output ports of the arrpfifier. This, however, also introduces increased insertion loss into the device which is not 
preferable as it is well known to those skilled in the art that increasing the insertion loss at the input end of an optical 
amplifier results in an overall increase in noise figure (due to signal spontaneous beat noise) of the device, whfle 
5 increasing the insertion loss at the output end of the amplifier results in decreased output power for a given pump 
power. 

The inventors have therefore recognized a need for providing means for efficiently routing the respective commu- 
nication signal bands into and out of the amplifier and, moreover, for suppressing unwanted (out-of-band) wavelength 
propagation trvough the amplifier that, if unsuppressed, results in crosstalk induced MPI, RL, and self oscillation, while 
10 not adversely inpacting the noise figure and output power performance of the amplifier due to the increased insertion 
loss resulting from the spectral filtering. 

Summary of the Invention 

75 Additional features and advantages of the invention will be set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by practice of the invention. The objectives and other advantages 
of the invention will be realized and attained by the apparatus and method particularly pointed out in the written descrip- 
tion and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the invention, as embodied and 

20 broadly descrtoed, an embodiment of the invention descrtoes an optical signal amplification device having a substan- 
tially uni-directional first primary amplification path for amplifying an in-band wavelength band, AA. 1( and a second sub- 
stantially unidirectional primary anplification path for amplifying a different in-band wavelength band. AA*, wherein at 
least one of the first and second anplification paths includes a wavelength selective insertion loss for substantially 
blocking the propagation of out-of-band signals in the amplification path, further wherein the location of the wavelength 

25 selective insertion loss in the arrplrf ication path is selected to provide either a target noise figure performance or output 
power performance from the device. *~ 

In an aspect of this embodiment, the wavelength selective insertion loss is a dielectric optical interference filter. In 
alternative aspects of this embodiment the wavelength selective insertion loss may be obtained from, for example, a 
fiber distributed Bragg reflector, a long period grating coupler filter, and a wavelength dependent fiber coupler device 

30 such asa twisted evanescent or mutticlad type WDM device. 

In an aspect of the errtxxiiment the amplification path includes a rare earth doped optical f toer waveguide, such 
as an erbium doped fiber (EDF), for exanple. The invention, however, is not limited to fiber gain media, but may include 
a planar gain medium; and said gain media may include any of a variety of host glass compositions inclucfing silica. 
2BLA(X), and oxyhalide (e.g., oxyfluoride) or glass-ceramic compositions having appropriate lasing dopants incorpo- 

35 rated therein. 

In another embodiment the invention descrbes a bi-directional optical signal amplification device that includes an 
irput/output port for an optical signal band and for an optical signal band AA*. respectively, and another input/output 
port for an optical signal band AX* and for an optical signal band AX 1 , respectively; a substantially unicfirectional first pn- 
omni-rficfltinn oath for in-band ax< including a waveguiding gain medium and a first wavelength selective insertion 

tion path while substantially allowing propagation of in-band along said amplification path; a sifcstantiafly unidirec- 
tional second primary amplification path for in-band AA* including a waveguiding gain medium and a wavelength 
selective insertion loss located along said gain medium for substantially blocking the propagation of out-of-band AX t 
along said second amplifying path while substantially allowing the propagation of in-band AA* along said amplification 
45 path; first communication signals routing means coupled to the AX-p inputf AA* -output port and further coupled to said 
first arrplrf ication path for substantially directing said AA^ communication signals input to said port to said first amplifi- 
cation path; and second communication signals routing means coupled to said AA* -input/AX r output port and fulher 
coupled to said second amplification path for substantially drecting said AA* communication signals input to said port 
to said second amplification path. In an aspect of this embodiment, both the directional routing means and the wave- 
so length selective insertion loss corrponents can include, for example, a fber distributed Bragg reflector, a long period 
grating coipler filter, and a wavelength dependent ftoer coupler device such as a twisted evanescent or mutticlad type 
WDM device. 

In another embodiment the invention describes an optical signal transmission system including a transmitter and a 
receiver and an optical amplifier having at least a first and a second substantially uni-directional primary amplification 
55 path for different in-band wavelength bands. AX, and AX*, respectively, wherein each said amplification path includes a 
waveguiding gain medium and a wavelength selective insertion loss located along said respective gain media for sub- 
stantially preventing the propagation of an out-of-band optical communications signal along said respective amplifica- 
tion path, further wherein said wavelength selective insertion losses are located in their respective amplification paths 
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to provide either a target noise figure performance or output power performance from the device. 

Another embedment of the invention descrtoes a method for suppressing crosstalk induced MPI, RL and serf esca- 
lation in an optical amplifying device while maintaining a desired or target level of noise f igure performance and output 
power performance of the device* including the steps of routing a communication signal substantially including an in- 

5 band wavelength band AX 1 to a first substantially uni-directional gain path; providing a wavelength selective insertion 
loss in said gain path for substantially blocking the propagation of an out-of-band communication signals substantially 
including a wavelength band AAg while substantially allowing the propagation of in-band AX-i ; routing a communication 
signal substantially including the in-band wavelength band AA^ to a second substantially uni-directional gain path; and 
providing a wavelength selective insertion loss in said second gain path for substantially blocking the propagation of 

10 out-of-band AX-j while substantially allowing the propagation of AA^, wherein said insertion losses are located in said 
respective gain paths to provide a pre-insertion loss gain and a post-insertion loss gain that provide either a desired or 
target noise figure performance and output power performance from the device. 

It is to be understood that both the foregoing general description and the following detailed description are exem- 
plary and are intended to provide further explanation of the invention as claimed. 

is The accompanying drawings are included to provide a further understanding of the invention and are incorporated 
in and constitute a part of this specification, illustrate embodiments of the invention and together with the description 
serve to explain the principles of the invention. 

Accordingly, the invention is directed to an apparatus and a method providing such features. 

20 Brief Description of the Drawings 

Figure 1 is a schematic representation of a generic bi-directional optical signal amplification device having counter- 
directional amplification paths for respective in-band communication signal wavelength bands AX 1 and AX 2 ; 

25 Figure 2 is a more detailed view of one of the amplif ication paths of the device of Figure 1 ; 

Figures 3A and 3B are respective counter-directional, uni-directional amplifying paths of a bi-directional signal 
amplification device according to an embodiment of the invention, including a wavelength selective insertion loss 
located along the amplification path; 

30 

Figure 4 is a graphical representation of the pump power (required to maintain a given output power) and noise fig- 
ure (opposing y-axes) as a function of gain partitioning due to insertion loss location (x-axis) in an amplification path 
of an exemplary optical signal amplification device according to an embodiment of the invention; 

35 Figure 5 shows ideal (solid line) and practical (dashed line) transmission/attenuation curves for a conventional 
directional routing filter as a function of wavelength. 

Detailed Description of a preferred Embodiment of the Invention 

40 Reference will now be made in detail to the present preferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. Figure 1 shows a form of a generic bi-directional optical signal amplification 
device 10 for guiding and amplifying optical signals in a first in-band wavelength band AX 1( in a west to east direction 
and for simultaneously propagating and amplifying optical signals in a second in-band wavelength band AX 2 , in an east 
to west direction. The device 10 comprises a first substantially unidirectional primary amplification path 21 for in-band 

45 wavelength band AX 1 , and a counter-directional, substantially unidirectional second primary amplification path 23 for in- 
band wavelength bandAXg. for amplifying and propagating respective optical signal wavelength bands AX t and AA^, 
simultaneously, in opposite directions as shown. Amplifying paths 21, 23 are coupled to a transmission fiber 1 by 
a first optical signal routing means 13, and to the transmission fber 1 1 eas t by second optical signal routing means 15. 
In a preferred embodiment of the invention, the routing means 13, 15 are wavelength selective directional filters such 

so as dielectric interference f Bters, for example. Optical circulators, used alone or in combination with a grating, for exam- 
ple, are alternative optical signal routing components, as are fber distrftxited Bragg reflectors, long period grating cou- 
pler filters, and wavelength dependent fiber coupler devices such as twisted evanescent or murticlad type WDM 
devices. As shown in Figure 2. each primary amplification path 21 , 23 includes a respective waveguiding optical signal 
gain mecBum 17. 19. which preferably comprises an erbium doped ftoer 31 and a pumping source 37 coupled thereto 

55 by a ftoer optic coupler 35 or equivalent device known to those skilled in the art for coupling pump power into an active 
ftoer. An optical isolator 39 is optionally located along the active ftoer waveguide 31 to block backward traveling light 
from entering the active ftoer; i.e., to render the amplification path substantially unidirectional. The invention, however, 
is not limited to gain media comprising erbium doped f toers. but may alternatively comprise other rare earth doped ftoer 
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waveguides, planar amplifying waveguides that are well Known in the art or other fiber or planar waveguide composi- 
tions inducfing oxyhalide (e.g., oxyftuoride) glass ceramics, ZBLA(X), and others known in the art. 

Referring again to Figure 1, optical communications signals substantially comprising in-band AX 1 approach the 
device 10 from the west along transmission fber 1 1 w where they are input to the device via first signal routing filter 13. 
5 Filter 13 is designed to efficiently route a maximum amount of in-band AX 1 input from the west to amplification path 21 
and to allow a maximum amount of in-band to* inpirt from the east along path 23 to get ^ 
wise, optical communications signals substantially comprising in-band approach the device 10 from the east along 
transmission fber 1 1 E where they are input to the device via second signal routing filter 15. Filter 15 is designed to effi- 
ciently route a maximum amount of in-band AXg from transmission fiber 11 E to path 23 and a maximum amount of in- 
70 band AX1 coming from amplification path 21 to get to transmission fiber 1 1 E . 

Due to conventional filter technology Gmitations, filters 13, 15 will at best have a signal routing efficiency of about 
90%; i.e., if filter 13 is designed to direct a maximum amount of in-band A^ signals to path 21 fa propagation and 
arrplification, it will be realized ttat filter 13 imparts about 10 dB insertion loss to the incoming signals, therefore about 
10% of the input light is not directionally routed as intended but instead is transmitted to path 23 where it will typically 
is be extinguished by an isolator (not shown). The in-band AX 1 light that is directed by routing filter 1 3 to path 21 . and ulti- 
mately to east transmission fiber 11 E via routing filter 1 5, will inevitably be reflected, in part, back to routing filter 1 5 due 
to system reflections including, but not limited to. splice misalignment, connectors and Rayleigh scattering. Although in 
a prefened enfcodiment of the invention fflters 13. 15 are wavelength selective, a smaO portion of the reflected AX\ light 
along fiber 11 E will be passed by fitter 15 to amplifying path 23 (as out-of-band A^ light fa this amplification path), 
20 whereupon it will be anplrf ied by gain unit 1 9 and directed via f iHer 13 in the west direction along transmission fiber 1 1 ^ 
This small amount of out-of-band AX 1 light is not blocked by filter 15 because of the non-ideal discrimination capability 
of the filter, a consequence of the smaD but finite (typically 10%) transmittance of the filter (tor predominately reflected 
light). Additionally, due to the same filter limitations, light in the spectral dead band adjacent or in between, but not 
within, bands AX 1 and AX 2 . can be routed along either amplification path, making the amplifier susceptible to self oscil- 
25 lation,' for exanple, whereby any aggregate path gain exceeds the aggregate path loss resulting in the potential occur- 
rence of laser action. A portion of the anplified out-of-band A^ light from path 23 traveling along fiber 11 w will again 
inevitably be reflected by one or more reflection points along transmission f foer 1 1 w whereupon a maximum amount of 
this reflected light will be reintroduced into primary amplifying path 21 (as in-band A^ light) via routing fitter 13. This 
light will be amplified by amplifying unit 17 and input into transmission fiber 11 E in the east direction via filter 15 as 
20 described above. This double reflected AX n light wfll give rise to MPI with the originally transmitted M., light likely to 
cause a degradation in system performance. It will be appreciated that the exact same phenomenon will occur with 
respect to 6X2 light originally input to the device from the east. While it is appreciated that multiple, additional stages of 
insertion loss could be provided at the device input/output locations 13. 15 to sufficiently stress crosstalk induced 
effects, it is also well known that inaeasing insertion loss before, a at an early partition of. signal gain wfll increase the 
35 noise figure of the system, while inaeasing insertion loss after, or at a later partition of, signal gain will deaease output 
power for a given purrp input. Therefore, while routing filters 13, 15 are intended to most efficiently route the communi- 
cation signals to their appropriate propagation/amplification paths, wavelength selective filter means 41 , 43 in respec- 
tive anpTrfying paths 21 . 23, are provided to respectively block out-of-band AXg light from propagating along path 21 and 
ai „ ii„h*frAm wtttiaoatina alona oath 2 3. as shown in Figures 3a and 3b. In a preferred embodiment of the 

40 invention, waveienyurttweuuvVwwi rnw»iw r -r ."r-» -- — ~ - ^■^■il^' "'-"'^ - - " ~ 

in the art. however, will understand that any appropriate spectral filtering components or techniques will work as long 
as the maximum amount of in-band signals are allowed to propagate along their intended path and a maximum amount 
of out-of-band signals are prevented from propagating along the path intended for the in-band signals Examples of 
such conponents indude a fber distrfouted Bragg reflector, a long period grating coupler filter, and a wavelength 
45 dependent fiber coupler device such as a twisted evanescent a multiclad type WDM device 

In adcfition to the spectral f Btering characteristics of f aters 41 . 43. per se, the location of these filters in their respec- 
tive gain paths is important due to the insertion losses associated therewith and the well known effects of insertion loss 
location on noise figure and output power performance as a function of gain partitioning. This can be seen with refer- 
ence to Figure 4 which shows the purrp power (required to maintain a fixed output power) and noise figure (accounting 
so for signal spontaneous beat noise) as a function of how the length (and therefore, gain) of the erbium doped f toer (EDF) 
of an exenplary EDFA according to an embodiment of the invention is partitioned between two sections or stages of 
the EDF In this enfcodiment a two stage EDFA included an input insertion loss of 2.2 dB, and was pumped at 980 nm 
using a purrp feed-forward design. The dashed line shows the pump power required to achieve a 70% inversion level 
in the EDFA with approximately 29 dB of gain provided by the EDF The solid line shows the noise figure of the device 
ss under the same conditions. Figure 4 clearly demonstrates the trade off between noise figure and pump utilization effi- 
ciency as the insertion loss location partitions the gain between the two stages of EDF. Moreover, the figure points out 
that there is a limited range of locations in the gain path for the insertion loss where its impact on both noise figure per- 
formance and output power performance will be acceptable, and which will allow a desired or target nose figure per- 
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formance and output power pertormance to be realized from the device. Typically, one will have an output power 
requirement to meet within a desired noise figure range, or vice versa, and these design parameters will indicate to one 
skilled in the art where best to locate the insertion loss due to the spectral filtering provided by filters 41. 42; i.e.. how 
to partition the pre-insertion loss gain and the pod-insertion loss gain. 
5 Example 1. below, illustrates an exemplary embodiment of the invention relating to suppression of crosstalk 

induced MPI. 

EXAMPLE I 

10 Given the following parameter values: 

P (critical crosstalk gain limit; i.e.. magnitude of the secondary pulse with respect to the primary pulse) = (-)43 dB; 
Gaxi e - 9ain ft* in-band AX 1 signals along primary amplification path) = 27 dB; 
Gax2 (i-e., gain for in-band signals along primary amplification path) = 27 dB; 
Rwcxst case ('•«- . 0386 r ef |ection requirement in a given direction) = (-)24 dB; and 
Qout-ot-band axi O^n for out-of-band signals along an amplication path ) = 27 dB. then: 

G ^ 2 + R east + G out-of-band AX1 + R west < Suppress MPI. 

20 Substituting the given values reveals that an additional 50 dB loss is required tor the out-of-band light to meet the 
stated MPI requirements. Taking into account that routing filters 15. 13 will each provide up to about 10 dB attenu- 
ation for iiput optical signals, an additional 30 dB insertion loss for the out-of-band signals is still required. There- 
fore, one or more stages of insertion loss, via filter 43. for example, each blocking up to about 90% of reflected out- 
of-band AX n light in path 23. are positioned along the erbium doped fiber 31 in the second amplifying path 23 at a 

sss location that enables the device to deliver either the target noise figure performance or output power performance, 
while also blocking the out-of-band AX 1 sufficiently to meet the given MPI threshold requirements. Similar calcula- 
tions are made for the out-of-band AX2 signals and the location of filters) 41 in path 21. Moreover, similar calcula- 
tions can be made by one skilled in the art to determine the necessary insertion loss to sufficiently eliminate 
crosstalk induced return loss and serf oscillation effects. With respect to return loss (RL), if RL L1MfT = X . for exam- 

30 pie. then RL^ = G+ R w +G <X. and RL WCT = G + R E + G < X. A communications systems design will 
typically specify the value of RLlimit 

It wiO be apparent to those skilled in the art that various modifications and variations can be made in the apparatus 
and method of the present invention without departing from the spirit or scope of the invention. Thus, it is intended that 
35 the present invention cover the modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 

Claims 

40 1 . An optical signal amplification device, comprising: 

a substantially unidirectional first amplification path for amplifying an in-band communications signals wave- 
length band. AX 1 ; and 

a substantially unidirectional second amplification path for amplifying an in-band communications signals 

45 wavelength band. AA^, different from AX t . 

wherein at least one of the first and second amplification paths includes a wavelength selective insertion 
loss located along said amplification path for substantially blocking an out-of-band optical communication sig- 
nal and for provkfing a pre-insertion loss gain and a post-insertion loss gain for an in-band optical communica- 
tion signal. fo< obtaining at least one of a target noise figure performance and a target output power 

so performance from the device. 

2. The device of claim 1 further comprising: 

first communication signals routing means for substantially directing input said in-band AXi communication sig- 
55 nals to said first amplification path and amplified output said in-band AXg communication signals to a transmis- 

sion waveguide; and 

second communication signals routing means for substantially directing input said in-band AA* communication 
signals to said second amplification path and amplified output said in-band AX 1 communication signals to a 
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transmission waveguide. 

3. The device of claim 1 or 2 wherein the wavelength selective insertion loss is a dielectric optical interference fflter, 
conprises a fber dstrtouted Bragg reflector, is a long period grating coipler fitter. 

5 t 

4. The device of claim 1 or 2 wherein the wavelength selective insertion loss is a wavelength dependent f foer coupler 
device including at least one of a twisted evanescent WDM device and a murtidad type WDM device. 

5. The device of claim 1 or 2 wherein at least one of the first and second amplification paths comprises a rare earth 
w doped optical fber waveguide. 

6. The device of claim 5 wherein the rare earth doped optical fber waveguide is doped with erbium. 

7. The device of claim 1 or 2 wherein at least one of the first and second amplication paths comprises a planar ampli- 
is tying waveguide, or at least one of the first and second amplification paths comprises a glass ceramic composition, 

or an oxyhalide glass composition. 

8. The device of claim 1 or 2 wherein the first and second amplification paths are co-directional, or counter-directional. 

20 9. The device of claim 1 or 2 wherein the first communication signals in-band wavelength band, ^ , is from about 
1520 - 1540 nm, and the second in-band communication signals wavelength band, A^, is from about 1540 - 1570 
nm, or wherein the first in-band communication signals wavelength band, AX, . is from about 1 540 - 1 570 nm, and 
the second in-band communication signals wavelength band, AX2, is from about 1 520 - 1 540 nm. 

,\ 

25 1 0. A bi-directional optical signal amplification device, comprising: 

an input/output port for an optical communications signal band A^ and for an optical communications signal 
band AX2. respectively; 

an input/output port for an optical communications signal band AX 2 and for an optical communications signal 

30 band AX 1( respectively; 

a substantially unidirectional first amplification path for propagating and amplifying AX 1 asan m-band commu- 
nications signal, including a waveguiding gain medium and a first wavelength selective insertion loss located 
along said gain medium for substantially blocking propagation of an out-of-band communications signal A^ 
along said first amplification path while substantially allowing propagation of in-band AX«i along said ampGfica- 

35 tion path 

a substantially unidirectional second amplification path for propagating and amplifying AA^ as an in-band com- 
munications signal, including a waveguiding gain medium and a second wavelength selective insertion loss 
located along said gain medium for substantially blocking propagation of an out-of-band communications sig- 
~* *~~«h omntifvinn oath while substantially allowing the propagation of in-band A^ along 



<o said amplification pain; — — ^---r_-_r=-_-— - ~~ ~- ----- 

f irst communication signals routing means for substantially directing input said in-band AX 1 communication sig- 
nals to said first arrplrf cation path and amplified output said in-band AX 2 communication signals to a transmis- 
sion waveguide; and 

second communication signals routing means for substantially directing input said in-band AXg communication 
45 signals to said second amplrfication path and amplified output said in-band AX 1 communication signals to a 

transmission waveguide, 

wherein the location of the first wavelength selective insertion loss and the second wavelength selective 
insertion loss are respectively selected to provide a pre-insertion loss gain and a post-insertion loss gain for 
obtaining at least one of a target noise figure performance and a target output power performance from the 
so device. 

11. a method of improving the performance of a fiber optical telecommunication transmission system inducing an opti- 
cal signal amplifying device having a substantially unidirectional first gain path for an in-band signal wavelength 
band AX 1 and a substantially unidirectional second gain path for an in-band signal wavelength band AX 2 . different 
ss than AX1 . comprising the steps of: 

routing a band of input AX 1 optica] signals to said first gain path for amplification and propagation as in-band 
6X<i signals; 
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routing a band of input AX2 optical signals to said second gain path for amplification and propagation as in- 
band AXg signals; and 

locating a wavelength selective f Btering means having an insertion loss in at least one of the f irst gain path and 
the second gain path for blocking an out-of-band signal from propagating along said first gain path and being 
amplified thereby, 

wherein a location of said insertion loss is so selected to provide a pre-insertion loss gain and a post- 
insertion loss gain in the respective ampfif cation path for obtaining at least one of a target noise figure perform- 
ance and a target output power performance from the device. 

1 2. The method of claim 1 1 wherein routing the input in-band AX 1 and the input in-band AX2 signals comprises cfirecting 
a maximum amount of said signals to their respective gain paths. 

1 3. The method of claim 1 1 wherein said wavelength selective f iltering means block a maximum amount of out-of-band 
signals in each respective in-band amplification path. 

14. A bi-directional optical signal amplification device, comprising: 

a f rst arrplrfication path having an input and an output end and including a length of active fiber waveguide 
substantially for propagating and amplifying an in-band communications signals wavelength band. and a 
first wavelength selective filter located along the length of said active fiber for substantially blocking the propa- 
gation and arrplrf ication of an out-of-band communications signals wavelength band. AX2 along the first ampli- 
fying path; 

a second arrplH ication path having an input and an output end and including a length of active f toer waveguide 
substantially for propagating and amplifying an in-band communications signals wavelength band. 6X 2 , and a 
second wavelength selective filter located along the length of said active fiber for substantially blocking the 
propagation and 

arrplif ication of an out-of-band communications signals wavelength band. AX, along the second amplifying 
path; 

a first optical signal directional routing component coupled to a transmission fber and to one of an input and 
an output end of the first amplification path and. respectively, to one of an output and an input end of said sec- 
ond anpfification path, for substantially routing the in-band optical signal to one of the first and the second 
amplification paths; and 

a second optical signal directional routing component coupled to the transmission fber and to one of an input 
and an output end of the second amplification path and. respectively, to one of an output and an input end of 
said first arrplif ication path, for substantially routing another in-band optical signal to one of the second and the 
first amplification paths, respectively. 

wherein the respective locations of the first wavelength selective filter and the second wavelength selec- 
tive fitter are selected to partition the gain of the active fiber to provide at least one of a target noise figure per- 
formance and a target output power performance from the device given a respective output power performance 
and noise figure performance. 
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